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年至 2015 年若干站点的日观测径流量、降水数据，1990 年至 2015 年 27 个子流
域的水质监测数据（包括 DIN、NH4、NO2、NO3、TN、TP）以及 1992 年、2001


















年，流域整体年降水量呈增长趋势，且中游（South Fork Shenandoah、North Fork 
Shenandoah、Middle Potomac-Catoctin 三个气象站点）增长最显著。近 60 年来，
各水文站点年径流量最高值均出现在 1970 年至 1980 年，而 2000 年以来年径流





预测能力。按丰水期与枯水期分别构建了 1992 年、2001 年、2006 年、2011 年
四个年份水质与土地利用的回归方程，并检验其预测能力。耕地是 DIN、NO2、
NO3 回归方程的预测因子，而 NH4、TN、TP 还受到林地和湿地的影响：2011 年
TP 的回归模型中湿地和林地是预测因子，跟其他三个年份不同；2001 年和 2006
年 NH4 的预测因子为裸地，在 2011 年受湿地的影响；TN 在 2011 年受林地的影
响；TP 四个年份的回归模型丰水期的 R2 都大于枯水期，而 NH4 则相反；经检验
所构建的 1992 年、2001 年、2006 年三个年份的模型有较好的预测能力（R2 值

























As the important spatial carrier of regional economic development, river basin is 
an independent relatively and complex system with particular structure and function 
which composed with natural resources, ecological environment and human society. 
Humans and other creatures take basin they live as support, obtaining the material 
resources, such as water and food, entertainment, and spatial resources for 
development activities. However, under the context of the rapid development of social 
economy, basin environment especially water quality of rivers and lakes is facing a 
increasingly degradation trends caused by multiple factors. It’s urgent to protect the 
survival of the environment we live in. Many man-made factors like urbanization, 
agriculture, industry, sewage discharge are all parts of the process of land use/cover 
change which influence water quality of rivers and lakes. In addition, climate and 
hydrological change in the basin may also affect the water cycle through rainfall and 
evaporation process, which influence water quality indirectly. Study the way how land 
use increases non-point source pollution load can help us predict and control the trend 
of water quality caused by land use/cover change. It can help us more pertinently to 
predict the trend of water quality in river basin we research to ravel out the 
relationship between water quality and land use type. 
The Potomac river is located along the mid-Atlantic Ocean coast of the United 
States and flows into the Chesapeake Bay. The river （main stem and North Branch）
is approximately 590 km long with a drainage area of about 37,000 km
2
which makes 
the Potomac river the fourth largest river along the Atlantic coast of the United States 
and the 21st largest in the United States. Over 5 million people live within the 
Potomac watershed. Condition of Potomac river directly affects regional water 
security and ecological security of the Chesapeake bay. Since the 1970s, the United 
States announced related legislation, policies and measures for water environment 
protection and management, such as the clean water act, TMDL plans, BMPs, etc. , 















quality in Potomac river was compared with the present domestic related research 
results to analyzes differences of factors that influence water quality and clarify the 
benefit of water environment protection laws and policies United States has taken, 
summing up the successful experience of the Potomac river basin management and 
offering reference for watershed management in China. This study makes up 
fundamental database for Potomac river to systematically analyze hydrological effect 
of climatic change and dynamic linkage between land-use and water quality in 
Potomac river based on geographic information technology and statistical analysis. 
Results are as follows: 
Firstly, fundamental database for Potomac river was built up. Obtaining spatial 
data and attribute data of Potomac river basin including land-use, DEM, hydrology, 
meteorology, water quality, rainfall on relevant websites, like USGS, NOAA, USDA, 
Chesapeake Bay Program. Based on meteorological and hydrological daily data of 
Potomac river from 1950 to 2015, water quality data including DIN, NH4, NO2, NO3, 
TN, TP from 1990 to 2015, watershed land use data in 1992, 2001, 2006, 2011 to 
calculate annual flow, flashiness index, baseflow index, annual rainfall, monthly flow 
and rainfall before and after jumping points, water quality concentration in wet 
seasons （from January to May） and dry seasons （from June to December）, the 
percentage of land use in 28 sub-watersheds in each years. 
Secondly, climatic change and its hydrological effect in Potomac river basin in 
recent 60 years were recognized. For meteorology, annual rainfall in Potomac river 
basin shows a growing trend with the most significant growth in middle reaches. The 
most significant growth point was in the midstream （South Fork Shenandoah, North 
Fork Shenandoah, Middle Potomac-Catoctin）. For hydrology, in recent 60 years, 
annual streams were maximum in 1970s and show a decrease trend since 2000. 
Flashiness index of Potomac river basin as a whole shows a downturn during past 65 
years with the upstream more significantly than the downstream，while baseflow 
index shows a rising trend and the upstream is more significant than the downstream, 
which illustrates that human activities show an increasing trend in Potomac river 















upstream to downstream shows a decreasing trend indicating that runoff in upstream 
response more sensitively to rainfall than the downstream.  
Thirdly, dynamic correlation models for land-use and water quality in Potomac 
river basin were built up. Regression equations for land-use and water quality in 1992, 
2001, 2006, 2011 were built up according to wet seasons and dry seasons and 
predictive abilities were tested. Cultivated land was the predictor of regression 
equations for DIN, NO2, NO3 while NH4, TN, TP were still affected by forest and 
wetland.: forest and wetland were the predictors of regression equations for TP in 
2011 which were different from regression equations in other years; Barren land was 
the predictor of regression equation for NH4 in 2001and 2006 while NH4 was affected 
by wetland in 2011; TN was affected by forest in 2011; R
2
 of regression equations for 
TP in wet seasons were greater than that in dry seasons while NH4 was the opposite; 
Correlation models in 1992, 2001, 2006 showed fine predictive abilities （R2 within 
0.6 to 0.8） and predictive abilities of regression equation in wet seasons were better 
than that in dry seasons （R2 in wet seasons were greater）. 
Finally, watershed management implications from dynamic linkage between 
land-use and water quality was developed. Result shows that cultivated land is the 
main factor affecting water quality in Potomac river basin. More attention needs to be 
paid to agricultural non-point source pollution. Built-up land is not the predictor of 
regression equation for NH4 which is different with research results of many Chinese 
basin, like Jiulong river. This partly reflects that the clean water act, BMPs, TMDL 
plans and other associated measures have been well implemented and point source 
pollution in the basin has been well solved. In this study, as the predictor of NH4 and 
TP, wetland accelerates degeneration of water quality. As ecological engineering 
methods, wetland has limited ability to accommodate pollution. Biological and 
engineering integration technology should be considered to improve self-purification 
capacity of environment.   
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图 1-1 研究技术路线图 
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